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5 FIELD •QF-^-AmNTlON ; 

The present ;.Invenflon, relates -to the field of cell differentiation. Mjore 
particularly, the present inye^ the .use of oxytocin (OT) as a pell 

differentiating agent, and even mpFe; speclfipally as. an inducer of cardiomyogenejsis. 
10 The ; present inveritioh further relates .= to/tlje use of capdiQmyocytes obtainedj by 
oxytocin-induced dffferentiation of stern cells m the treatment of diseases associated 
with. Joss of cardiomyoeytes, stich as^rdiae congenital malformations and agijhg- 
related heart.path0lpgies,- . . 

15 ; BACK<5I^ ' 

Each year, upto 7% oitiie thrQj^ millipijs newborn babies in the USA have fcpth 
defectSi and defects predpmlnan^affeqt the 

fact that cardiovascular diseases, ate largely present in aging populations. There is 
20 panpply of drugs to treat such diseases or prevent their progress. Some drugs are 
used to improve the cardiodynanilc^o of the; heart .(e.g/agpnists/antagoriists 
of adrenergic receptors), whije. othete are .u?ed to reduceprejudiqing .■concfitions (d.g. 
substances that attenuate' hyperchplMteroJernia). In some, cases, the cardiovascular, 
diseases are treated fry surgical interventions. ; 
.25 Today/ new 

alternative % treatjpg .cardiovascular diseases because fcfieiart infarction, congestive 
heart failure and irreversible death: of cardiac 

•. tissue (cardjomydcjytes and. vascuj^r. structures) which b^comes.replaced.by s&ar 
tissue. Gaidiac cell itranspjahtetipn of /fl §itu (fransrjdifferehtiation of non-cardiac cells 
3 0 . into cardioitiyocytes are now being ;Cpnsidefed as means to provide healthy cells} to 
the damaged area£ in order to replace ths^ecrotfeed tissue and recover a sufficlf nt 
number of functional cells. There is np^taWiSbed ^rdiac regenerative. therapy 
research for deyeJciping this Wj^ pf Iht^ pursued. . 
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Recently, Oxytocin (Otji. has. been .shown to. have an. influence onlthe 
developing neaitjAlso, a new role; has. been suggested for. OT as a growth ;and 
cellular differentiation factor. A mltogenic. action of OT has also been described; OT 
stimulates .the pifcrrferatiori of: thyraocytes and mitotic activity , in the prostate 
5 epithelium, vascular endothelium and tropnoblasts. Furthermore, OT has also been 
reported to enhance myoepithelial cell differentiation and proliferation in the mouse 
mammary gland. However, it has never been demonstrated nor. suggested that OT 
could have a cardbmyogenesis activity. 

Therefore, there is. a need for new prospective therapies and new drugs to 
10 prevent and. treat, heart-related diseases, and more particularly methods, and 
compositions whelreiri OT is used for inducing and/or promoting differentiation of 
. cells and more particularly Sstern/prbgenitor cells into cardiac cells. 

15 • SUMM ARY OF THE INVENTION 

Thepreserit invention pertains to the use of oxytpcin (OT), its gene construct 
and/or functional: derivatives thereof as a cell differentiating agent and in 
compositions useful for treating or preventing diseases, such as heart diseases land 

20 in particular those, associated with Iqss of cardiomyocytes. More particularly, : the ' 
present invention pertains to the use of oxytocin, its gene construct and/or their : 
functional derivatives thereof , gs an inducer of cardiomyog0h^sis > and more 
specifically as an inducer that promotes heart regeneration via the differentiation of : 
stem/progenitor cfells In situ; present invention , alsp: pertains to the us6 of 

25 oxytocin and functional derivatives thereof to induce cardiac differentiation of 
stem/progenitor cell in c§ir culture in order to provide\materi3l for . cell or tissue 
grafting in the heart. 

According to a first aspect; the invention provides a pharmaceutical 
composition which comprises o^tbcin and/Or of afunctional derivative of oxytpcin 

30 in an amount effective to promote and/or. induce differentiation pf stem/progeriitor 
ceils, into cardiac cells, and a suitable pharmaceufic^r acceptable diluent or caliper* 
According to another aspect of the invention, Oxytocin and/or its functional 
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derivatives; are used as an active £g^t:iii flip preparation of a' medication} for 
preventing or treating a heart disease or for treattng an injury to cardjaq tissue?. the 
invention also provides method^for prev^ting or disease on for 

treating Van injuiy tp. cardiac: tissues, .^mprtstng the admihistration to a patient In 
5 need thereof of a j therapeutically effg^ive amdiint of oxytocin or. of a functional 
* . derivative of oxytopin or the administration bf a th<erapeutrcaily effective amourjt of 
a composition as clefined herginabbve. 

According to a further aspect, the invention provides a method for inducing 
and/or promoting cjNjTerentiattoh of pejls and more particularly stem/progenitor dells 
10 cultured in vitro into cardiac jceljs, : feuch as cardipmyocytes. jn a preferred 
embodiment, tfre method ^nrtprisfs theist^p Qf pFb\rtdiilg : to the in vftm cuftijfed 
stem/progenitor c4lls an effective amount of oxytocin or of a functional derivaiive 
thereof. According to another aspect; the present invention provides a method to 
stimulate the fusion of newly^ifferedtiatfd ^ caniiomyocytes. Furthermore, the present 
1 5 invention provides a method Jor efihaneing proliferation of cells and more particularly 
stern/progenitor: ce|ls cultured in y$nQ which comprises the step of providing to the in r 
vitro cultured sterTtfprpgpnitor ceijs an eflective srnount of an oxytQcin-antSagonjst. 

According to a further aspect, the invention pertains tp the Use of DMSQ for 
increasing the oxytjocin.p^ 
20 and/or promoting .0T-reiated differentiatipn of oells. 
An advantage of the pi^ent^ 
maintaining or stimulating the regeneration of c^itiiac cells, such as cardiomyocyjes, 
. and thereby, it. permits theitreaWahf of injuries, to the . heart tissues. Anotjher 
advantage of the present invehtfori is ^at it improves the efficiency of mpthodsi for 
2 5 . culturinig cardiac cells in vitro either 4s mjpd>l system or graft material. ' 

Other objects .and ad>^ntage§ of the present invention vyilt bp apparent upon 
reading the following ftpn-rBstrietiye; deScrif^on pf several preferred embodiments 
made with reference to ^eacoompanying dr^vyings. J 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure t is a diagram shpvwng the tijfteschedule of the differentiation of P19 (jells 
to cardiomyocytes. PI 9 ceils ^recjjlttoate4 as aggregates fipip day 0 to dayj4 in 
the presence of DMSO (0.5% w/v) of oxytocin (Op (40* 7 M) as the agent inducing 
cellular differentiation. At day 4, aggregates <embryoid bodies) were transferred to 
tissue culture dishes or multiwejl: plates and grown iri the absence of the agjent. 
Micrographs (1O0X magnification) show undifferentiated and day: 14 

cardiomyocyte derivatives obtained after DMSO or OT treatment. 



Figures 2A and -2B shovy^ that oxytocin (OT) induces, myocyte immunological 
markers: in- P1.9 cells!, PI 9 cell aggregates were treated from day. 0 to day 4 w«th 
DMSO, OT or no . differenliaticii ^agent* and stained on day 14 with/anti-MHC or anti- 
DHPR-alphal antibodies; Figure 2A are micrographs (fobX magnification) showing. 

15 day 14 cells that Jwere exposed to OT treatment Normal light and fluprescejlce 
pictures are presented side-by side/Figure. 2Bis a graph showing immunoreacWrty 
(ir) signals. obtained for undifferentiated cells grown iri monolayers (Undift\), rion- 
treated cell aggregates; (No IhdjUcer) ahd..cel,l aggregates treated with DMSOor JDT. 
Immunoreactive foci were absertt (b)y,veiy rare (slig zero) ( or abundanti(++ 

20 and +++). Results: are. representative of 3 independent experiments. Atthoughjnot 
presented, aggregates were also treated for 6 days with OT. There was no difference 
with the 4-day treatment. 

Figures 3A.3B and 5C show compadson of. the cardiomyogenic effect of oxytocin 
25 (OT) and DMSO. Figure 3A shows the retention of modamine 123 in non-induced jand 
induced P19 cultures. P.19 . cells Were cultured as aggregates for 4 days in -the. 
absence (No Inducer) or the presence of OT or DMSO, using 1 petri dish jper 
treatment. At day 4, aggregates of each petri.dfeh were evenly disfirlbuted in.well^ of 
a 24rweH tissiie culture plate. At day 8, the cells were incubated for 45 min injthe 
30 presence of 1 ug/ml of the dye, washed exfensiyely, and cultured in compjete 
medium without dye for 48 h. Thephdtograph shows' rhodamine 123 retention by cells 
induced by OT at day 10 of culture. The retained dye was fiuor^etflcally quantified 
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• j. ; 7 • '. '•••-..5, ; 

for each well, and the results are reported^ as. the :mekns ± SEM of 24.determinations. 
The symbol * indicates a highly .signfficant^^efenGe wHh,No inducer, and symbol # 
, a Highly significant different. between ^OT and- DMSO treatments (p. * 0.001). 
Figure 3B is a. graph .showing.:the ; time ^ cpurse of appearance of beating cell colorfies 

5 upon treatment with different agents, Aggregates of 1 petri dish treated for 4 dstys . 
with the indicated agent(s) wereeyeniy distributed in walls, of a 24-well tissue culture 
plate. Then, each plate was examined at 2-day inteiyals for the number of wf lis 
containing beatingi ceil colbnjes: The resiilts are representative of 3 independent 
differentiation experiments. . Figure 3G RT-PCR analysis pf ANP gene 

10 transcript in. undifferenti^ed; and Induced ^cultures. Cell aggregates were expose^ to 
Ot or DMSO in the absence-or presence of QTA fronrtday O today ^, and RNAv|/as 
extracted at day 14! of the differentiation preto^l. ANP transcript 
in undifferentiated cells grown in :mpnplayers (Undiff.). Mouse heart ventricle mRNA 
was used as a positive control. I.eveJ.srbf ANP mRN A were adjusted b^ 

15 corresponding GAPQH mRNA and then expressed' as. the jiercentage of the Undiff. 
value. Results are; reported as the means ±. SEM of 5 Independent studies, the 
symbol * indicates ;a signfflcam.dfffe.ren.ee with Uridiff., and symbol §, a significant 
difference betweerj OT and OT + OTA treatments (p '< p;05). . | 

20 Figures 4A, 4B,,arid 4G show tha^ QT and DMSO increase OTR expression in Fh9 
ceils. P1 9 cells . weije cultured as aggregates for 4 days in me absence (No induper) 
or presence of DMSO (0:5%), OT (id- 7 M) and/or OTA (10* 7 M), and then plateci in 
tissue culture dishes wh.ereithey,gr^ At day 14; of 

differentiation, the! cells were examined for OTR expression,; together With; 

25 undifferentiated (Undiff.) cells grown in monolayers, The results are representative 
of 3 independent differentiation j»^rii^^ : Fl9U|»4A;ai» micrographs showing 
the immuhocytochemistry re$ul%^9«i^^;8h^''tNe; immunoblotting results (20 
ugproteiri/lahe).. Figure ;4Cs^^ 
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DETAILED SCRIPTION OF THE INYENTiON 

. The present Iriyen^nvgene^^/pe.^tns-to the use of oxytocin, Its gene, 
construct and/or trteir functional denVatiwes thereof as a ceil differentiating agent in 
compositions useful for. treating or preventing diseases, such as heart diseases find 
in. particular those! associated with loss of cardiorhyocytes. More particularly, ;the 
present invention pertains to the use pf. oxytocin, its .gene construct and/or their 
functional derivatives thereof as an fodueep ..---of cardiomypgenesis, and more, 
specifically as an indu^ thatpromotes heart regeneration via the differentlatipp of 
stem/progenitor cells, in situ. The present invention also pertains to the use 1 of 
oxytocin or its functional derivatives thereof to induce cardiac differentiation of 
sfem/progenitpr cell in cell culture in brrierto. providp matenaf for cell or tissue 
grafting in the heart. As used Jhenein, ^^ihe te^hT : ■s^^prpgenltor cell" refers to any 
stem/progenitor cell haying the capacity of bejng differentiated into cardipmyocytes. 
Preferred stem/progenitor cells <x>rUempla]ted bythe presenrt invention are embryonic 
stem cells, or stem cells of developed tissues which the cell phenotype is known: but 
are still capable ofi*ransdifferehttati.on, to differentiate to another cell phenotype. 

The present invention thus, proyl|ie.s a hove! cell differentiating agent and 
more particularly ^vnew.cardiomy^enlc faetor. As. used h#re|n, "card!omyog4nic 
factor" refers to- any coojpet^^.^ny^^ of compounds) that promotes! the 
genesis,, maturation, grpv^ a cells, and more specifically 

promotes stem/pr^epitor cel^ 

. Mpue particularly, the- presieht invention ( describes the use .of oxytocin ..in a 
pharmaceutical comppsitipn.and ip Si m.fth^ for prpmotir^i the genesis;, matura^on, 
growth, and regeneration c^ a^^c^J&iMe. cardiac cells that are most susceptible 
to / benefit from .'the composition , of Jthe. invention are: .newly differentiated 
cardiomyooytes. Also, the pr^s^t inyerj^n rejates.tethe use of oxytocin for: the 
preparation of a . c^m prevention of ■, 

diseases, ;such as heart : diseasW.&n^ associated with losp.of 

cardiomypcytes. .Fufthermojsi.;t^^^ to the use Of DMSQ.for 

increasing. the oxytocin binding-affinity to its r^cep^ 

The pharmaceutical .o^^^^ thus comprises oxytocin 
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arid/or of a Juncftonaf d$riva^/a Qf o^x^ in m^o^ effective id promote and/or 
Jndgce djfTarejptiajioo of -at»m^i^^j^.:ciBl)s; .-info cafaiac cells, and ia suitable, 
pharmaceutical a^pte^fe diluent; or carrier. Preferably, the composition of [the 
present invention ^mprisea 0 : I^.QTOr Increasing the. oxytocin binding-affinity to its 
.5 ce|l receptor. • 

Oxytocin is-' a honapeptfcle wiijh ;ty/b cysteine residues that form a disulfide 
bridge between positions 1 and £and corresponds to the formula: 

• - -S— S: ' 



Gys-Tyr-l!e-Glh-i^-Cys-Piro-Leu^iy-CpNH2 



10. 



Thus y ttie oxytocin a^ 
invention are preferably su^ by chemical synthesis, 

or purified from plasma and various tissues, bCit preferably from; the pituitary glend, 
. . or produced by rep cembtaarit^ and used herein; 

15 thefertn substantially purerefete ; toah.o^icin pVepanatipn thaite generelly l^djdhg 
cellular or other uhdeslrabr^c^mponerits. . ! V 

... A "funrtipi^Meriya^^^ Used herein,, r^feni 

to a protein sequence that possesses a; functional biological activity thi is 
substantially similar to th^ protein sequence. A 

20 functional derivative ; of a; protein . may or. , may not contain . post-translattonal . 
modifications such as coyafentiy; linked; ^ if such modification isj not 

neeessaiy.for thejperfonT»a^ce,oi^ dehVaWe'' 
Is intended to t^e.fifagmi^ "analogs" or.. h clferf>jGal 

denyatrves ,?; ofa protein... / • ■ 

25 : . The tei^sj'lifa^rnen^ and; u segmenr as are generally understood and. iise,d 
herein, refer to ajsefction of a protein, and ifire rrte^ntto refer to any portion of the 
aniino acid sequence. . ' i 

The tenn fvarianf as te feh^ 
protein that is substantially ; similar ; in. stfucttire and biological activity jo eithej- the 
30 protein. or : fragment foe^^thjua tget proteins^are c$jls&feie4 variants Jftthey 
possess a com^.a^^ # tRe a ^ jr?0 ; ac j d . 

sequence, the secondary, ;te.rtjary,Jdr^ one pf the proieihs is 
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not identical to that found irf the ©Jttler; : . 

The term "analog!' '^^^e^f^^ftnp^i and used herein, refers to a 
protein that is substantially^ Preferred OT analogs 

include for instance exte^ and OT-@ly~. 

Lys-Arg. These emended forms. aj^ biological oxytocin precursors in vivo. 

As used /herein, a pfp^h is ; «aid to he a "chemical derivative" of another 
protein whenit corjfeins a^ npfrnormally part of the protein,, 

said moieties being added.by,usjnjg techniques weil known, in the art. Such moieties 
may. improve the. protein sdiuba^ ap^rption half Ilfe> ^ 

the tike. Any undesirable te^icfy 
and even eliminaited by using sucfrn>ie«^ 
be covalently: coupled- to hioc^p^tibie potymiera 
glydol, etc) in order to im|»rove^tabiJ^y or to decrease antigenicity; 

The amount of oxytocin ahd^ derivatives, thereof present in] the 

composition of t^e present . inv^flon ^s Ja /therapeutically; effective amount A . 
therapeufically effet^a^^ of oxytocin or deHy^tive 

thereof nectary so^hatthep^ and npore 

particularly^^ 

and regenera^n of cardiac cells; :and ^mpre s^ecfl? ca %. cardiei^ocytes; The exact 
amount of oxyto^n, an^or .fun^ be used will .vary 

according to fact^ 
traated:as.weiras toe - 

oxytocin should vary from ^put^Mto about l b^ M; in a preferred embodiment; 
oxytocin is present in;the cpmpoiiitioh jn ^ an amount from about' 1Q 10 M to ajjout- 
25 • 10 4 M, pi^rablyjfrorn abM^Mfr&pti* M ;in the pretend embodiment •' 
the c^mppsition comprises;a^ . • V . . ; 

Purser ^^^Pf^'^gje^^^adi^-'to toe;CpmRpsitipn of ^invention, 
For instance, the dpW»posi^ comprise thera^uticagWite 

such as modulators of the ; egrdibdynamje.. '..properties ; of -the • 4eart 
(agohists/antagonists^ of edtehe^- ^tprs, actiyatore . p f .heurdhomiPnes, 
cytokine signaling ae^-m^^e^'^^tjAMp /. cGMP / calcium or their 
analogs, inhibitoii Qf ^m^^^;^^ / ^^y i .^^ < ^_ 
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/ glucocorticoid./ re^ 

proteases / proteose inhibitors 7 ^U' ad^esforii proteins V angiogenic fectore ^hat 
modulate cardiac tissue c^ni?ation ah^or yascularizatipn, antioxidants that provide 
cell protectipn to ahdogehoys^a^ well as to axe^enpus isardidrnypcyte 

cultures before, during and after Tengraftint, aMcoagulants, imrriunosiippresiive. 
drugs.. j .j 

. Further to the therapeutic, agents, -the pharrnaeeuticai ©propositions of! the 
invention may also .ccln^n.4iM : ;phe^i!S (proteinic or not), metal scavengers 
(proteinic or not), OTating : age.rits^p agents,, stabilising 

agents, wetting agents* emu^ifleia, sweeteners, colorants, odorahts^ salts, bufljers, 
coating agents an^or aritid^idante: Fprprpparirig such pharmaceutical expositions; 
methods well known in tlte art may be used , 

the method of prepa^o^ of the composition' oflhe invention consists supply 
in the mixing of RMr|n>d pxytjpj^jr and other components) in a suitable solution in 
15 order to get a npmoger^usj^ A suitable solution .if ah 

isotonic buffered - saline^^ potassium; magnesfurii or 

manganesa, arrijeajej^ipr^^^^ it mimics the 

ion composition $f Jthe. «^c^janflujd; The s&lutipn has. ari. ps.motip pressure 
vaiyjng frprn, 280 to^^Qsn^^ yarythg ftoro.ZvO to 7,4. The buffered 
saline solution; can :be se^eted frbrn tin^rpup consisting « 8 , 
Krebs^ingerts or-Hank'&fe^ CnblesWol pan be atso added ^ince 

it.maytielpto.t^ }'.'.' 

the comppsitiqn of the 'tehtiibrt. couM treat and/or- prejvent 

diseases such as oardtoya^ or treat an Injury to heart tissues, 

.25 Cardiovascular diseas0s.: ; wh^h. •c'puld; b> treated )hclude ^rdiac congenital 
malformations.^ 

organization) or.4ysfun.^ stress conditions during the. 

fetal life or at.bi^r, ineluolng^chem^ 

exposure to terafogenlc ioxlcanteiiaubstei^ir drugs;" Cardiovascular diseases 
30 ^ich could be treated alsp.^ 

infarction:, <»n3efti^ , . 
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Th^^cpmpc^^c^fOsj^bd. iQ«6iy^ : i^th^:nip^Mr^h^ development 
during embryogertesis by fpd^ic^id^ : ^aC6^ypg^ef^. : . -Thiaf ^ccHriposSiOfi of jthe 
invention may thus be adratoistefeid^ of-Jthe' 

heart •' ': • •>'.. : : . ' '' ' 

The composition of j^.lpn^ti^n^b^ administered 'alone or as part of a 
more complex pharmaceutical <iomp>sjtlon ac^rding the.desired use arid route of 
administration. Fo^instaflce, the > .^pb^ipn pf the. Invention could cpmprisje. a.: 
vector, such as a plasmid or ajyirw i ':6orn^|n > g;.a.p|^ sequence coding for native 
oxytocin, coding jfor a mbd^/fosjoh ; ^ an increased 

cardiomyqgenic activity, or. ah jnereased stabHi^; Anyhow, for preparing such 
compositions, mefoods welt kne^.-M^ja-art may-tie used . : ' 

Qxytocin.and/or its jd^hy^tiyes raa^.De.Goupled,to a. blocprnpatible polymer 
(ftfi. poryethylene^lycol, polyvinyl ajcphol) to reduce antigenicity, wheh administered 
parenterally. ' 

the composition ji^9p^h;ani^..raof^- .complex: pharmaceutical . 
compositions comprising me sam^^ yiavarious routes bfadmlfristrajion. 

For instance, the Composition m^^^ the form ifcsterile injectable 

preparations, for example, ^ s^ oleaginous suspensions. 

These suspensions rriay be .fon^^ tp. techniques known in thf art 

using suitable difpersing or 

injectable' p^reparftfons mayalsb^sterile Nectebte. sialutibns or sUspensibris in 
non-toxic ^aran^lly^B^ief diluents or : solvents.^ They- may; he given, 
parenterally, for '^fam^ : in^ or sub>cutaneously by 

injection or by Ihfesibn. ', The cjsm^itlon' may also be administered peros fag. 
capsules), nasal #pray,; trans^ermaLdeB^ Suitable dosages 

will vary, de^odijig uppRtectp^uch a^ foe ^mbuht pfeach of tiie. components iij 
the compositiohi- jie desired Q^^^i^-^iiith^e tfs'ease/or disoider to be 
treated, the rou*e of adm*^ individual: p be 

treated.... *" . - : ■ 

Even ririore preferably, the ^<^r>ippsif op Of#ie ihyehtion andfor. moreqpnf plex 
pharmaceutical compositions ^ c^pi^ing ttjte;sam> may>be gjyeh by direqt injection . 
into the heart at the site bf infarction , orjnjury. Indeed; damaged sites . were . sfiown 
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to attract newly ad^ 

Oxytocin? or a function^ method^ for 

culturing. cardiac e^-iff^^^.'-^p^ii^i^ e^'elfed^.^pKMirrt of. oxytocin to in vitio 
culturad stem/§ropenitoi ? peijs, ft ir^^ce :tho .difFerentiiatton . of the cultured; 
stem/progenitor cells into cataiap;.^ and then jjwJII* 

promote the aggre^ation.of cardiac cells and promote the tissular organization of in 
vitro cultured heart tissues.. Oxytocin pr a functipnai derivative thereof could thus, be 
very useful for providing c*($^ 

.. Therefore, a related aspect of «the invention relates to a method for inducing 
cardiomyogenic ; 4ifferentiatiari ^frb.iri? c^lls,'>ucli as stem cells.: In .a preferred 
embodiment, the methpti I cpi^piises Hhe;.step of contacting, the stem cells with an 
effective amount pf. oxytocin. Afcc^cdjng, to another aspect, the present invention 
provides a- method .to ; M|j^-;ti^^ipnlbf newlyrdlfferehtiated carcHomypci|tes. 
The cells are contacted with; about 1jQ"*°M to about 40 v M of OT, preferably ftrom 
.about 10*.M tp about' lO^^DTt^a^ojota-h to about 14 days. . ! 

. The pres£rtt invention fo.^ a method fOT enhaneing pipfffersition 

of cells and more particularly sfeta^^ cuttured'i>? vitro which composes 

the step of providing to thei/jp y^ ah .effective arnpunt 

of an oxytocirnint&gpnist Preferred oxytocin-rantagonists are those that enhance cell 
proliferation,, by ipreferably- xblpc^ng.. ^ maintain; the 

differentiated state of the .c^L.^^xample of a -suitable oxytpclnTantagonfet is 

It will be juhderstood.- b^ that the methods : and 

compositions contempla^ted :J^#a.\'prtfeen£ invention when ..applicable, [may 
advantageously be us^^ i 



f he followjtog-.examp^ of applicability oif the 

present.inventionjend isnot ^ and variations 

can be made therein without d^pn^^oni <ha spirit and scppeiof the Invention. 
Although any mejthpd artdrniafe^ those described herein 
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may be used in practice for! testing of ^4f?e^re|^ht inVet^ion, the preferred methods 
arnl materialsare described^/ ; ." 

Introduction 

Oxytocin (OT), a ndnapeptlde.vlsirgely expressed in the hypothalamus, has, 
long been recognised, as a fevfiaVs ^.fepfoduc^e hormone/necessary for uterine' 
contraction during :paiiuritipn, tifiniirig and.am^lificatipn of labour, milk ejection during 
lactation, and. ovulation (1);.Np^ 

functions, ft has |)^il<^^.tfat,tto!|i sexes have equivalent concentrations pf-OT 
in the hypophysis and plasma ai^ oxytoejnenjic neuijons 

in tile hypothalamus l^Bftd-^m^^^-p^ same stimuli-fpr OT release (3, 4). It 
a|sp appears that, reproductive functions and maternal behaviour are preserved in 
Op'" mutant mice! (5). Both Of^jnales) and; females are fertile, and femaiesiare 
capable of. parturition ^i^^^y;^^ mjlk ejection reflex (5* S), These,, 
observations ihti^^C-J^'-CtT p-jflfat essential fer.ra|«odao^n r ;arKf data now 
underline tiie involvement of Of in-sexual, behaviour, cognition, memory, tolerance, 
adaptation, food, and wateirin^ 8). ■ 

Recently, - a- new role has. been suggested >for OT. as a growth and cellular ; 
difterentiationfae^ of Of ..mediated by Of receptors, 

(OTR), has been jdpcgmented iivJ)ti8^.p$i^:c6ife. $) and other tumors £10*12). 
In contrast to its jslfept ^ bn tumpra:J,#lls ■ a; mitogenic^ction of OT has also been 
described: OT stimulates tiieprpliferation ipf ;tiiiymocytes (13, 14) and mitotic activity 
in Ife pro8^,e£j|rjB^ ya«^j^att^uiri-(16) ajid,tr6phobJasts (17%-OT 
has also been reported tberi^ 

in the mouse mai^ary^anAft^ OT baslrophlc effects qij* the 

embryo Has not been ^eafif ated-^ Of hasbe#h.shown ifb have 

an: influence ch the devel^trig heait; OT administered in excess to the fetus may 
impair.c^rdiacjgrQwtfi in t) : uj^iw;^.ra%i'4%- 20), ahd'OTR suppression by specific : . 
OTantagpBiSts (OT A).ih1he.^rty cajtJfee 
malformation in the/embryos.^ tire tipphic effecfeoif OT 

on the heart are' direct or. indirect. : . . 
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OT'sindire^acto 

in adult rats (7, ^f^)MRd^pv^Jjn^y^fB<i the entire OT/OTR system in .the* rat 
heart, and sh^y«e|> that ca^ is coupled to the release, of atrial . 

natriuretic pe^ natriuretic aiitt vasorela^nt homione that 

5 is also involved ^ 

has even been suggested by pamerontetaf. (25). Jn;sUpp;ort of a. potential, acrtior* of 
OT on (ardiac deyfelppment a ma>%jal pT protein level Mas seen in the heart at jday 
21 of geste^on afld postoiatal #^i^;^en cardlic^yc^tes are at a stage of 
intense hyperplasia (26)- 
. 10 • . TheP19mpuseembtyo^^^ 

differentiation. Developmental^/, piqftpotenj P19 cells give rise to the formation of 
cell derivatives. of fli 3:9eR»1ay^^<^):^=app^;io diffefentiiate via the same 
mechanisms .as tidrraal embryonic; s^em cells (27, 29); VVbeh cuftured inithe 
presence of 10* M retinpic acid; (&A), ^rpbysiologicaliy^tevant morphiogerT; P19 
' 15 cells efficiently ^«^) % d|N^^^^eiih3i^ (27, 30, 31). The solvent DtySO 
jnducesoardrac djffere^iatjon; albe|t;nc^;as efficlehtly.(i 15^) (27, 32): DMSOfhas 
been shjoyvn to acjtivatiesserrt^ such as OATA-4 

. and Nkx-2,5 (32, ^ 

genes in the . erribiyo are . still unknown,; as is the mode of action of DMSO jtftffth 
20 respecttethe eaijs^ .. 

In ^tie^fM^porft . ^j»hqp|et.'.'«^ - -li^^vtorB ; InsMftlpertipcl ^^Mb#l|i9r OT indices 
differentiation o^ Theresufts confiifniihat 

OXha$ a potential natui^l^^^ 

25 Materials And Methods 

Culture and dffffrBhtiapo^^ ' ' 

P1.9 cells ^repropajga^edap^ 
. Rudriicki and Wciurney (28); with nflnor m^t^ celte \|/ere 

• 30 propagated in cohapiete medium ^ minimal essential 

medium (<3(Bpp^«ui$^ 
•nactivatedTe^ 
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International, Rexdjale v Ontario,; ^ 

G (50 U/ml);and streptomycin <5Q- i^/mfy/The pulturps were maintained at 37°0 in 
a' humidified atmosphere -of :$% : J$Qi afrjd .paiss^ed every ^ days, the genf ral 
: protocol used for cfe 
5 . Differentiati^:^ Briefly; ;0;2SJx 10 5 cetls v^fefe 

allowed to aggregate for 4 dSys In ndn-adhesWre bacteriological grade petri dishes 
: l&rcm diameter) c^ntalnlhg^ : tijl Qompj^ medium, in the presence df. 0.5% (V/v) j 
PMSO (Si^a;G^#mlGa1-Cd: f Xouisi M<D);. A* day 2 of ia^gregation, the inducing 
culture medium w#s r^plenish^ were transferred to tissue; 

10 culture grade vessels (10-dm diameter dishes or 24/48-well plates); and cultured in 
coixiplete m^iumjtn theabtfence fc$f)E^^ agent ^ggregafipn was 

also dort© ?n theabsence cj: D|#Q,: ^ MOT and/p? jlCF 7 

OTA ([d(GH 2 )e^ both : from Peninsula 

Laboratories Inc. (San Cartes, CA): -The' qefl populations were analyzed at days! 1 0- 

15 14 of the entire differentiation- ^ at a. time cardiac cell$ normally tteat 
synchronously. . ! - ; . . . 

CteU morphology, staining and to 
Examina^ 

20 Zeiss, Jen^Germ^ for rhodarpihe 

and fluorescein fluorescing: -;.'|P9<B^ "oqnfara^ pnd a photoautomat ^init 
. Micrographs wereitaken ^with-Kodak Technical Pan® film (for cejl morphology) or iwith 
Kodak T^aMPO® or ... 

For TOo^h^f^gical; 0>^^in^fp/ir^^Hs^ vyere grown directly .onto the plastic 

25 surface, of tissue! culture ve^seis; For staining vyith rhbdarriihe 12 * (Sigma), dfiy-4 
aggregates were distributed ln^4^weH wftur^; plates and grown until day 8v Then, 
dye was added toj.the pulture;!^ concentration pf i jjg/mt for 45 min, 

and afterwards t tljte celjs ^ere,wa§h^ exterislv^y with phosphate-buffered sgillne 
(PBS) an|3 cultur€jd f6r 46 h in Oye reteined by ceils in4ach 

30 well was measured by a flupiiBScefipe htibro^ (SPECTRA Ma?c 6emK®,^ 

Molecular Devices, Sunnyvale, :GA) at r 5Q5 nrh for excitation and 534 nhnj for 
. emission. . ~ \ 
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For immun^cvtoJ^ 

coated with 0. 1%i gelatin. -They ;th^ flxfed by rSG-min incubation in. FIBS 
conteihjng4 0 A pa^formaidef^^^ in this buffer until 

used. All . .subseqjieint; st^s '''Qf : . ; ^^^|i^f(oni- washing and incubation with 
5 antibodies were performed atroOnytemperature. Fixed; cells were permeabllized for 
10 min in PBS cor^iriing 6'^ in PBS-BSA-saponin 

(PBS containing 1;% ; to jncubated ifbf 45 
nriin with the primary antibody diluted 1/50 and for 45 min with a fluorescein^ 
conjugated swinefanti^oaiJgG^ Camarilio, pA); 

10 diluted- 1/1 000; PBSvBSA-sap^niii 3U^''U^ Jor waWring\^3N^n incubations jand 
antibodies were .diluted in the same bu^r.but conteining .1 .5% normal swine serum 
(Jackson immurid Re^afch^b^aterjfe^jnc., West. Grove, PA}, p&yersjips vjrere 
mounted in PfiS iconteinihg .^ immediately examined . linden the 

. microscope. The primary antibodies; wete all from Santa Cruz Biotechnology, jnc. 

1$ • (Santa. Cruz, CA) jand produ<ped,int!goiat; 'antibody C-^Q. against Of receptor pTR), 
; antibody K-1S^ antibody 111-19 

against dihydropyridine reeeptor^hal ||)rtPRfalpha;1). 

Ana/ysfebyrev©/p^ 

20 Total cellular RNA (. was .«^c(^ : with; TRIzbi® Reagent (invftrogen | Life 

Technologies, BuMihgton, .OdSarto; Gahada),;„and poiy(A)*mRNA was affinity purified 
from 200 |ig of totat RNA onto<0^ Mississa&iga 
Ontario, Canada), as per the manufactorefs' instructions . First-strand cDNA;was •• 
. . synthesized in; a ftriatvOIume ;.of .4b.ul.^hiaihing : first-strand buffer, 3 u.g of ceilurajr. 

2 5 RNA, 4 pt ofhe^ri^ Bjate.d'Uiifei Quebec, , 

Canada),, and avian myeloblastosis vims^eveirsje transcriptase {12 units/ug RNA; 
lnvitrpgen)y Flte^tiahd cb^ pCr ^ ampHScatibn y^ OTR, . 
ANP or 0APDH exo;h-spec%^ 

thermqcycler (Stert^^ mouse OTR and ANP genes 

30 have been described (26; 34)^^b^^^f^R«n^(ysfe. of mouse OTR.j«ere,; 
adapted frpm Wagha studrejsthe: number of cycles psed 

was within the iiqear range of arapjiflcW^ antisense primed 
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were respectively the 22-bp 

CGACTGAGGAGGAAGGT!G^ wasp^iformed over. 32 cycles, 

each involving 1 min at 8$Q h -j}&yto\a "&G2°G, and .1.5 min at 72 P C, and was 
temf natedby a 5-min1ihaJ $ciett&lp.Et ajt7j2%-. .I^e^^ antfsetree and sense printers 
5 were respectively #ie 244>p » S^Tt^TCQmCGGCGGMGCASCT-S' and thej20- 
bp S'-^AGCATG^GCTGG^ perfortied over 25-30 

cycles, each involving. 1 imin 1 rrjirc at 65°C and 3 min at 72°C, ,andiva$ : 

terminated by a Sfofn- final e>den>$n;irt 7fc°(£;: tte : amp|ffi6atfen of GAPCJH mRNA, 
a constituted and ubiquitous^ an internal standard for 

10 RT-RCR ana^sis, Si* , -"flibi* : - : % iBBttewaae - . ": - lulmr -■ ^.5'- 

GAGTGAT<3GGAf:GCAGtGT:G#p.-3; ;andV the 23-bp sense primer, j 5^- 
MGGTCGGTGtjsMCCG.^ Anjplificatton was 

performed over 23 cycles,; eacjvin^^ and.ajmin 
•at72°C. '•' ' : " - :." / ' •'• 

15 -. . ■' •. ' , ," ; . : ■ ; ■ • ' ' j' 

Western blot gnsfysis; ^ ... , 

Cells were collected by sctepjng, homogenized in sucrose buffer (20 >mM 
Hepes/Tris, pH 7.4 r wntaihirig . protease 
inhibitor phenyfir^ atU°G 
20 to remove debris- jlhe supematop^weriS centrifuged at. 100 0pp. g for 45 min at 4°C, 
and the pellets were resusoended^lsuero oorjtent 
by a modified- Bfadfprd assay A^iquots (2 0 u g ptiolb^[y^..9u^eiMi to 
po^apryiamide-g^l elecJropfcpfe^^^ sodium idodecyl sulfate (SDSr 

: PAGE) .under r»duoing . c^d^^:-^';^lio^ed; .by . electrotfaijsfeF onto £>ure 
.2 5 nrtrpce|lulose membrane? : <H^Hd*£; > ^#$h^.Phaifmacia). , Molecular [size 
calibrattoii was achieved u^irjg BVi^;^^^^ !Ltd.-, 
Mississauga, Onl^n^. Canada); th4 ni^ealjujbse bioWtyere ; bjoc^ed overnighll witlv '•. 
5% nqnfajmijk iri TTis^buf^redsaj^;(^&S: 20 mM f n>GI, |).H 8,0, 140 mM 4aCI, 
1% BSA : arid Q. j% Tw^en-20), theh (aotM>TR ; ; 
30 1/1 ,000) for 2 h| at room fempfc faturej; Antibody ihcUbations and washes were 
performed- in jTBS...<thpp^^QU^- ^ Detection; was ...realized: by Enhanced. 
chemiluminescen.ee. with an Am e,^ EGL® kit and : an appropriate 
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ReFOJddgse-conjugatect ^eGond^^^odyi;^ Aptolumlnpgra^ 

In an AFP Irnaging jyiini^ Brnsford> I^Y). 

StetiSGds ; : • 

5 . Resuitoareirepprt^^ . 
. treatnlehts^ere done b^^ 

Results ■ j- • 

10 Using the. jtime.. scl^u^.^ 1, .treatniejnt ' of P19 jce« 

; aggr^^ ; \«$th;.-|(r 7 Ot"l^u^d;lna formation of rhythmicajiy-beafing (jells, 
resem&hng: prima^oardlQWyo^es! |sdal^.f^^.^e^-of- newborn anihiaik A 
similar.phenoiypl? ofrai^e.^/^)^. reported tor .^fcheht with 0.5-1%. Dr|so 
(27, 28, 3p; 32); Weobse^ed^ a^.i. 

15 foid smaller h)ean4iafeeter:3^n- §^ .u^tceated counterparts (data not shoywi), a 
finolng thatcduld.refle^ ofOTand EJtolSO. \ 

expression of the; G^rtfiae ^uscter ^^a^is; sarcomere MHG ahdf DMPR-afpfial . 
Sareon^ric.MHGi^ 
20 .c»mponeirtof,i^ 

(27, 3?, 36* ;As; p^jsen^ iftr^re^ jfe ^if»rerti^^4^^v«Me negative for 
MHO, as.reported; (27; 2^V32j/an|^^ with,DM§Oi OT . 

induced the :apj3.eaiaiice: of^-^W in - cell 

populations ^«t^optiia^^.di^ 
25 respp«3d>psi^t%^ 

tomorphologicaljc^^ uridiftore^ated befis 

renjain.jrt.^ 

. Antigen-1, ah es^ 28, 30). jcell 

aggregates not.e^posled *^ of i^HCand DHPR- . 
30. alphal -althpughiiey. sometimes ^owe^^re : and small imrriunoreaetlvd foci 
(Flg.:2B,.Np jnc(uc^r). This pc^s^V^hir^. coufd be due to spontaneous 
differentiation av^ntstrig^ere^ encountered in • 
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aggregates (27,. 2$).; * . . S ' 

We also coj&pai^ 

was simply qua ; hti|a^ in cells, taking aijyanta&e of Ithe; 

fact that thfe dye, which penetrate ^ retained for much longer periods 

5 (days instead of hpurs) in cardiac -q^Hs tRaihfrn other c^fi types (37). To meet their 

energy required cqntractipfj,: oardiomypcyteis . have indeed. 

abundant initdchpndija; ^e c»lip topdamine 12 ? Figur^ 3A 

shows .that exppsiire of * §igniffcantl^ incres|sed 

cellular retention < of the diye by 2-3; fold rom^ aggregates 
10 (p < 0:Qp1), and this ^ rncre^se 7 ^: da^ "10 .61 diffetentia^n was even significantly 

higher after ,Ol* than DKISO- :treai&j>ent ■ (p < 01001). Since PI arderjved 

rardtomyocyt^ beat in cuftupe, we;aii§p ^(Mmpared the tirrle. course <$f appeara*i4e of 

beating cells aftef treatment bf^ OT. We found that Of . 

stimulated the productions growing 
15 cultures by day 8. whereas the same^esultM'as..Ql^.ined in cells induced by Dt^lSO 

only by. day t2 \ (Fftg; 3.B.); T^eo^e^&^^x^m-^-OT Was •specific and receptor- 
. mediated, since no baating celfe-w^.^^pi jwbep ^O^M-pTA^SHUsedi-in pla^e of 

OT or in combination ydm pt i^ 3B>; interestingly, OTA also abolished the 

cardiogenic a^ 

20 via ANP expression since this pep^de, is abundantly by rardiomyocjrtes. 

The. results shoj^ differentiation ANIP VmRNA level jwas 

dQfto&tity %^Ki^d'.vin ■•"pt^t^a. . jNg . aggregates as compared to", 
undifferentiate^ was at similar level alter 

DMSoVtreatmen^ ;-.(F ig. ?pi fej&r ^l p^t}Qy #iA. prevented. GTMndfjeed. 

25 uptegolatton of ANPe^^ 3b, p-^'6:^[0§oii^4^l^ of OTA on 

DMSO-indwced, j^P e^jgss^ .the . inhibitory 

tendency was observed jn>a((e^ Th©jnhib^©*yactidn of OTA on 

. pMSQ;.ca^aJbmy^geh.ic. pjofj'e^eis;. ^\^sihusV^6re;eVident.:by the Seating than thfe 
ANP cj^inavAltogeiher; rhbd^ 

30 beating celte ail4-a^^a^;of;^|l^ mi^A jpointed. te a potent cardidmyogenic 
effect of PT-.ln additibnvtinec^^^ arid even that of OMSO. . 

appear to involve OTR. ; •; . " -*•' 
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. Tb,furtiTer.^ 

. examined .QTR sSfes#f%i^^ protein (Fig/ 4A, B) and mRNA (Fig: 
4C) were present atrlowleyels % u^iffetentiated : ceHs> indicating that these cells can 
respond rhinimal^ low levels in- aggregates |iot . 

5 exposed to G>t or' DM^Q (Fig C;: 4fG, lib . Inducer). in bontras^ intense QffR 
tmmunbreaetive Joei weW 4[te<yT'w : &MS0 : tttatn^ 
(Fig. 4A). These findings conesjponded to the results of -Western blotting (Fig. fB) 
and RT-PCR analysis bf-OTR (FJg; 4c),,b^^ QTR expression. 

In accordance withjthe 'afajenpaffllp^ of OTA and the inhibitory 

10 action of OTA on OT-induced cardiac differentiation, OTA did not iipregulate QTR 
expression by itself and inhibited OT/induced OTR upregulation {Fig. 4B). Thus, ithe 
OTR-dependent c^rtitogenic effectiof OT and DMSO seems to involve upregulation 

' • of OTR expression. . '. •'■ , 

15 Discussion | .. 

This reportishows. that ; OT :^dde;d'ito/tn^ciiltufe;ntedium: of P1 a stem cell 
aggregates induced. d^ii^to^i^^C/d^e^nfif^^, which was demonstrated by : 
monitoring the expression of MMC," QHPR-alphai and ANP cardiac markers, 
2 0 retention of a^mitoehoridria^^^ cell colonies. ■ 

The cardiogenic effect of OT 

abolished by OTA OT also upregufated OTR expressipn. These suggest a 
new role for toe OT/OTR s^ . ;; 

. The P10 cell Itoetejaa : «^^nti^i<d|^»n^(|m .inf9d^<^at : min^}jthe; 
25 evehteof early ca#lo^^^ 

by aggregation and exposu to be associated with induction . 

of the fea^acrsp^bific subtype of end#jaelin : re,oep$i5&._ ($8)i In. addition, . brain 
natriuretic peptide and . ANP were, observed-, jh newty-tormed striated mu$cle 
structures, upon t$MSQ freajra^iaAdfi^ their. 
30 peuronaJ.denvaiiy4a (39jr.Jn. this:wori?} OJ*S0r and OT-inciuced ANP transcript. levels;, 
reached about &10^ richest site of, 

ANP synthesis.- ; Several franscriptbn • fkctois haying an • essential role in 
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cardiogenesis are Upregulated fa^ shown .toi be 

the case for the zi«<>finger pbntajn^ the homeobox gene Nkx2^5, and the 

mycw^e/e^hahceriiactoriG (32 j ::33,;4Q); .arrd the ovai^xpi^sslon of either tectdr fa 
. P19;pelis wassgffi^ (32, 
3 .41, 42). Lijfle isj^ 

these genes, but DMSO was found : to; ihcrease intracellular Ca 2 "" levels and Was 
suspected to affect a pathway t^i^it his an' ^^ctia^llular component, ppssibjy serum- 
borne (27, 43, 44). Interesting^, ©update jridfeate that OTR are unregulated fe' a 
similar extent by OT and .D^^b, and;pfheji*tudies have reported that OTR function 
•10 mpdutete^lnttacettular 'Ga?" cotfc^tr^pti irtspme^ll^esjClJ.itjis thus tempting, 
to suggest that Ot could be a serum^borne tector that is active in DMSb-ihdueed . 
differentiation. 

One of the mechanisms 
involves. 03T* sin<^ bb% of thjs. receptor, jand. 

15. . OTA totally ab$i£hed/^ as .wett as prevented pT- 

stimulating . effect oh OTR ex^ressibh. Homologous regulation of OTR expression by 
OT itself was observed fa. the brain, th^.fa astrogiial cell ^ujtures (4?, 47). jt Is 
noteworthy that,/ like DMSO:, R^; ^used: at Ipty leyejs (1;0*-t0* 9 induces cardiac 
differentiation ofvf>1f oeiis(27, 28),^ 
. 20. the OT/0TRsyste^ in the fetal 

heart(26); • -'."j • ;• :. . " ; •'•' f V;/ A'' \'; ; V > : i. 

ft is believed that a^^ 
cells ."anidjc possess the- ci^f^ x te^\|P^^rdte' in i^^onse^pVan injury or a 
hemodynamic; ov^rie^ 
2 5 capacity to increase the*iti^ since they . 

can undergo vdhlyia smalf j;).uni^'^«^B|^/-and' th^jr prolire^ation rate Tiiay be 
exceeded py the jrete pf cell ks£ifa}da^ \ ThV low capacity of 

cardiomy0pytes..to reactiyate : $ejr : £^^^ 
. by ^ep'resehcepfantirdi 
30 specific oxytocin; antagonists, - sju$» as ^fd^H^Ty^M^ 

vasotocin (OlA),!' cptiid be exploited .to Enhance oefl proliferation , by biocjdng 
processes that initiate br.rtalr^fa the differerttiate^stete of the cell. Indeed, <{>TA 
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wasshpwn.to gbojlsh PMS^ind^^r^^ of W9ceiji A 

therapeutic ^i^^yfor ta^^i^t j^f jnjjureid "^iart ©otilcl thus in^»hnpass ^wo . 
steps : 1) o;TA ad!pihi^r^^ P^ife^oni^^al^to 
dHfeiei^atipn.fetfo^by^ 
intofullyfunctfp^ . 

- Several s&die^ a growtfv jmd 

dlfferentia^matpratl^ 

Is required for P^artum ^ ,arid induces difierenjiation >nd 

proliferation bfi*j^^ mflfc e ^ ton 

(1, 18), The OXJO^s^t^^ ^ surrounding 

oocytes : and , weak QTk ^ passion ' is; even iteerved^ift oopyfps;^ 
Mombye^en tert^ ih vHro. they develop 

at a *&h^ ^ . 
Spontanepus myprnetrial ^hia^es ^ known to occur during, pregnancy in 
1.5 sheep and controlled .^p^a.ct(if05 . f i^u^'i^by ; applicatibn of OT pulses to pregnant 

All these ^tOdfesj thus ^o^^ggest Involy^rnent of trie rnaternal iand . 
embryonal . OT/otR systeW and our work points to 

a PatfCu^r^ 

could afep:.asslst fe:m^^ by stimulating 

the* fusion ^ 

structures. Such fa, fuspgenic : ; a^^- recent^ .leportedJ for OT on skeletal •! 

consider the fepl^c^ - 

be>used,as a trpp^ic-factprM^^ s ^ own 
to occur Jn lnfa^^ : 

prpgen}tpr/stem. : (?ellstp ■ ; ' 

In conc|usjofT,pu;r study fn^^ 
of embryonic ste>n e^lte^^^is^jated ^ OTR and a ftahsdukioh ! 
pathways) which has ypt ^ dPfih4 these results suggest ihat .the- QT/OTR 
system pfays an. (mportentrpj©!^^ ; 
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GAPDH-mRHA (il 70 bp) 
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